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INDUSTRIAL INFO RMAT ION TECHNOLOGY (IT) ON-LINE INTELLIGENT 
CONTROL OF MACHINES IN DISCRETE MANUFACTURING FACTORY 



FIELD OF THE INVENTION 

[0001] The invention relates to the field of discrete manufacturing, and more 
particidarly, to the control of discrete manufacturing operations through the use of an 
intelligent computing application. 

BACKGROUND OF THE INVENTION 

[0002] Maniifacturing of any detailed product is a complex process that requires 
extensive co-ordination between various entities, both within the same organization and 
outside the organization. Such manufacturing includes material need determinations, cost 
negotiations, material availability deteraiinations, and warehousing considerations, just to 
name a few. Each of these entities typically is responsible for discrete portions of the 
manufacturing process, including order processing, suppUer integration, and process 
feedback. It follows, therefore, that manufacturing requires getting the right information 
to the right place at the right time. Today, some of discrete entities or processes of the 
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maniifactuiing process are automated computing systems. However, the communication 
and integration among the various entities is lacking. Often this lack of integration is a 
result of the various different entities that are responsible for the many different aspects of 
the overall manufacturing process. As a result, completing the entire manufacturing 
process often requires extensive human interaction between each of the various discrete 
entities or processes. 

[0003] In addition, the entity that is ultimately responsible for the end product 
often is at the mercy of the individual material suppliers. Yet, often the communication 
to the end product manufacturer ft^om the discrete entities is inconsistent. This 
inconsistent communication leads to missed production deadlines and eventually the 
arduous process of identifying new suppliers. In addition, inventories kept by the end 
product manufacturer often have low visibility, such that material acquisition requests 
often come too late, especially for long lead time material items. 

[0004] Moreover, coordination and control of the manufacturing processes 
across an enterprise haviag geogr^hically disparate manufacturing locations poses 
several challenges which are not currently addressed. Wifli hiraian intervention a loose 
management of critical manufacturing data and, more importantly, management over 
manufacturing machinery results. That is, an enterprise having two manufacturing plants 
producing the same product may not be optimized to operate in a manner so that the 
capacities of manufacturing eqxiipment for these plants compliment each other. Currently 
manual decision making is required to first identify complimentary resources and second 
to coordinate manufacturing tasks among such resources to reach optimal manufacturing. 
Furthermore, current practices call for the manual operation or local programming of 
manufacturing resources (e.g. machines). Such convention generally requires at least one 
operator per machine and increases the chances of errors and loss of materials. 

[0005] Th^efore, there is a need to provide automation and communication 
among tibte discrete manufacturing processes in real-time, both local and remotely to 
manufacturing resources to obtain optimal and error free manufacturing of products. 
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SUMMARY OF THE INVENTION 

[0006] The invention contemplates a system and method offering control and 
management of manufacturing resources to obtain optimal manufacturing capacities and 
to avoid manufacturing down-time currently realized through manual operation and 
control of manufacturing resources. In an illustrative implementation, the present 
invention contemplates an exemplary control computing application operating in a 
computing enviix>nment which communicates with, cooperates with, and provides control 
over at least one manufacturing resource (e.g. manufacturing machine). The computing 
application provides at least one instruction set for use in controlling the manufacturing 
resource. The communication of the instruction set may be realized local to the 
manufactming resource, remotely firom the manufacturing resource, or some combination 
thereof. 

[0007] Further to the illustrative implementation^ the exemplary control 
computing ^plication controls machines in a discrete manufacturing factory. The 
dispatching between the computing application and a machine unit is performed based on 
a either a local decision tiiat is made by inteUigent interface devices found at each of 
machine unit or group of machine units. The interface devices are preprogrammed with 
job scenarios that are provided by cooperating plaiming systems, manufacturing 
optimization routines, or through manual input. The scenarios are dynamic, adaptable, 
and customizable beiug easily adjusted or changed through reprogranaming of the 
interface devices by the exemplary control computing application which is communicated 
over a communications infrastructure which communicatively links the exemplary control 
computing application with the machine units. 

[0008] Additionally, the described dispatching may be accomplished between 
the exemplary control computing application and machine units using a hybrid scheme 
that combines a central decision made by an integrated cooperating manufacturing 
computing application with a local decision that is performed by intelligent interface 
devices found at each of the manufacturing units. The priority of control schemes is set 
according to some pre-defined mles that govern the manufacturing process. The central 
and local control decisions are cormnunicated by the control computing appUcatioti to the 
machine units over a communications infrastructure that communicatively links the 
exemplary control computing application with the machine units. 

-3- 



wo 2005/048122 



PCT/US2003/034977 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The foregoing summary, as well as the following detailed description of 
preferred embodiments, is better xmderstood when read in conjunction with the appended 
drawings. For the purpose of illustrating the invention, there is shown in the drawings 
exemplary embodiments of the invention; however, the invention is not linoited to the 
specific methods and instrumentalities disclosed. In the drawings: 

[0010] Figure 1 is a block diagram of an exemplary computing system that may 
siq>port the present invention; 

[0011] Figure la is a block diagram of an exemplary network environment in 
which the present invention may be employed; 

[0012] Figure lb is a block diagram illustrating the cooperation of the 
exemplary control computing application with manufacturing resources; 

[0013] Figure 2 is a block diagram of an integrated discrete manufacturing 
system using local control; 

[0014] Figure 3 is a block diagram of an integrated discrete manufacturing 
system using hybrid control; 

[0015] Figure 4 is a flow diagram illustrating an exemplary ordering process in 
accordance with the present invention; 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

nittstrative Computing Environment 

[0016] Figure 1 shows computing system 100 that may support the present 
invention. Computing system 100 comprises computer 20a that may comprise display 
device 20a' and interface and processing unit 20a". Computer 20a may support 
computing application 180. As shown, computing application 180 may comprise 
computing application processing and storage area 180 and computing application display 
180b. Computing application processing and storage area 180a may contain 
manufacturing computer control rules and instmctions repository 180a(l), manufacturing 
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computer control engine 180a(2), and manufacturing information 180a(3). Similarly, 
computing application display 180b may comprise display content 180b\ In operation, a 
participating user (not shown) may int^ace with computing application 180 through the 
use of computer 20a. The participating user (not shown) may navigate through 
computing application 180 to input, display, and generate data representative of power 
system manufacturing optimization. Manufacturing resource optimization solutions and 
analysis may be created by computing application 180 using the manufacturing computer 
control rules and instractions repository 180a(l), manufacturing computer control engine 
180a(2), and manufacturing information 180ja(3) of computing application processing and 
storage area 180a and shown to a participating user (not shown) as display content 180b' 
on computing application display 180b. 

Illustrative Computer Network Environment 

[0017] Computer 20a, described above, can be deployed as part of a computer 
network. In general, tibe above description for computers apphes to both server 
computers and client computers deployed in a network environment Figure la illustrates 
an exemplary network environment, with a server in communication with client 
computers via a network, in which the present invention may be employed. As shown in 
Figure la, a number of servers 10a, 10b, etc., are interconnected via a fixed-wire or 
wireless commimications network 160 (which may be a LAN, WAN, intranet, the 
Intemet, or other computer network) with a number of cUent computers 20a, 20b, 20c, or 
computing devices, such as, mobile phone 15, and personal digital assistant 17. In a 
network environment in which the communications network 160 is the Intemet, for 
example, the servers 10 can be Web servers with which the clients 20 commimicate via 
any of a number of known communication protocols, such as, hypertext transfer protocol 
(HTTP) or wireless application protocol (WAP). Each client computer 20 can be 
equipped with browser 180a to gain access to the servers 10. Similarly, personal digital 
assistant 17 can.be equipped with browser 180b and mobile phone 15 can be equipped 
with browser 180c to display and receive various data. 

[0018] In operation, a participating user (not shown) may interact with a 
computing appUcation ruiming on a client computing devices to generate manufacturing 
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resovirce optimization solution for discrete manufacturing environments. The 
optimization solutions may be stored on server computers and communicated to 
cooperating users through client computing devices ov^ communications network 160. 
A participating user may create, track, manage, and store manufacturing solutions and 
cost analysis information by interfacing with computing applications on client computing 
devices. These transactions may be communicated by clirat computing devices to server 
computers for processing and storage. Server computers may host computing 
appUcations for the processing of optimization information relevant to discrete 
manufacturing environments. 

[0019] Thus, the present invention can be utiUzed in a computer network 
environment having client computing devices for accessing and interacting wiHi the 
network and a server computer for interacting with cUent computers. However, the 
systems and methods providing resource optimization as described by the systems and 
methods disclosed herein can be implemented with a variety of network-based 
architectures, and thus should not be limited to the example shown. The systems and 
methods disclosed herein will be described in more detail with reference to a presentiy 
illustrative implementation. 

Manufacturing Optimization Solution Generation 

[0020] Figure lb shows the cooperation of various computing elements when 
generating manufacturing resource optimization for discrete manufacturing environments 
in a computing environment. Cooperating machines through machine intelligent devices 
20a may employ computing application 180a to send control feedback data to intelligent 
control server 10a over commimications network 160. In response, intelligent control 
server 10a may process the request by cooperating with adaptable and updateable 
machine control computer rules and instructions data store lOb(l), and adaptable and 
updateable machine control computer engine 10b(2) to generate and communicate 
manufacturing control processing instructions. The manufacturing control processing 
instractions can then be communicated to machine intelligent devices 20a over 
communications network 160. At machine intelligent devices 20a, the manufacturing 
control processing information is processed for execution on cooperating machines (not 
shown). 
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[0021] In the herein provided illustrative implementation, intelligent devices 
are depicted as computers. Such depiction is merely exemplary as machine intelligent 
devices 20a may comprise one or more computing elements that may or may not be 
integrated with cooperating machines. 

Overview 

[0022] The invention contemplates a technique for providing intelligent control 
over machine units or groups of machine units in a discrete manufacturing environment 
such that manufacturing resources are optimized and to avoid costly manufacturing down 
time. Figure 2 is a block diagram of an manufacturing control system 200, according to 
the invention. It should be appreciated that the block diagram shov.Ti in Figure 2 is just 
one example of a technique for accomplishing the invention. Figure 2 is not meant to be 
the exclusive example, but is provided for the purpose of xmderstanding the invention. 

[0023] As is shown in Figure 2, manufacturing control system 200 comprises 
control computing appHcation 230 in communication with machinel, machine 2, and 
other machines up to and including machine n using communications infrastructure 220. 
Machine 1, machine 2, to machine n include intelUgent device 240. In the provided 
illustrative implementation, intelligent devices 240 comprise a computing element 
cooperating with the exemplary machines to have control over one or more functions of 
the exemplary machines. Intelligent devices may include but are not limited to one or 
more data acquisition devices and controller circuits. In operation, control computing 
application 230 having at least one instruction set (not shown) communicates mles and 
instmctions to machine 1, machine 2, and up to and including machine n over 
communications infirastracture 220 through inteUigent devices 240. Responsive to such 
instructions and/or mles, intelligent devices 240 process the rules and/or instructions such 
to execute the rules and/or instmctions to the machine witii which it cooperates (e.g. 
machine 1, machine 2, . . . machine n). The instmctions are executed and intelligent 
devices monitor the cooperating machines to determine if errors occurred or proper 
execution persisted. In either case, data about the execution of the provided instruction 
and/or rule is communicated back to control computing appUcation 230 over 
commimications infrastmcture 220. Control computing application processes the 
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feedback information to determine what additional/new instructions/rules are to be 
provided each of the machines. 

[0024] * In operation, control computing application relies on at least one 
heuristic or predefined rule set (e.g. decision making logic) when providing a particular 
instruction or set of instructions to each of the machines. That is, a discrete 
manufacturing environment may comprise two machines for making transformer 
windings and two machines for coating the windings with an insulative coating. Control 
computing application 230 would be in communication with the winding and coating 
machines using a communications infrastructure (e.g. conununications infirastructure 220) 
via intelligent devices cooperating with each of the winding and coating machines. 
Moreover, the control computing application may be pre-configured with at least one rule 
set such that the winding machines are run in parallel on operating at 40% capacity and 
the other at 60% capacity, wherein one coating machine is offline and is being repaired 
and the other machine is operating at 70% capacity. Based on pre-calculated 
manufacturing rules and heuristics, control computing application may respond to a 
request to increase capacity of winding production by tasking the winding machines to 
produce more windings. However, the increase in capacity for the winding machines will 
be Umited by the control computing appUcation such that the coating machine does not 
operate beyond a 100% capacity. In having intelligence about all of the cooperating 
niaiiufacturing resources (i.e. machines) of a discrete manufacturing environment, control 
computing application is positioned to control manufacturing resources in line with 
intended manufacturing goals and rules. 

[0025] Figure 3 shows a different illustrative implementation of an 
manufacturing control system 300 wherein control instructions are determined on both 
the local level and through the use of extemal manufacturing resources. In such hybrid 
system, decision making is balanced between local information and extemal information 
(central information) when controlling machine units or groups of machine units in a 
discrete manufacturing environment As is shown, manufacturing control system 300 
comprises control computing application 330, communications infirastructure 320, 
machine 1, machine 2, up to and including machine n, intelligent devices 340 and 
additional control resources manual data 350, manufacturing optimizer 360, and planning 
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system 370. Similar to the manufacturing control system 200 operation, control 
computing application 330 communicates with machine 1, machine 2, . . . machine n using 
commxmications infrastructure 320 via intelligent devices 340. However, unlike system 
200, manufacturing control system 300 relies on additional control resources such as 
manual data 350, manufacturing optimizer 360, and planning system 370 when deciding 
which instructions and/or rules to communicate to each of the machines. Additional 
control resources are processed in conjunction with local feedback data obtained fix)m the 
machines to determine which instruction/rule to communicate to each of the machines for 
execution. The additional resources are relied upon as they provide intelligence (data) 
about manufacturing activities across various manufacturing facilities of an enterprise 
having numerous manufacturing resources that are geographically disparate. 

[0026] Specifically, manual data 350 is data provided by machine operators, 
engineers, and/or management to affect the manufacturing process. Such data may be 
required as certain business, engineering, and/or operational observations and/or needs 
come to light that require one or more changes to the manufacturing process. 
Manufacturing optimizer 360 comprises of one or more algorithms or computing 
elements that process data according to some predejSned rule set as part of optimization 
efforts to optimize one or more of the manufacturing processes. Such optimization may 
include capacity determination, time for manufacturing, distribution of raw materials, 
etcetera. Planning system 370 may comprise one or more algorithms or computing 
applications which track project planning. Planning system 370 data may be used by 
control computing application 330 such that project planning and actual manufacturing 
are brought into congruence. By doing so, better control over project goals and 
milestones may be achieved. 

[0027] Additional control resources may be required as two geographically 
disparate manufacturing plants that manufacturing the have the capability of 
manufacturing the same component are not aware of each other's manufacturing 
processes and associated manufacturing data leading to wasted capacities and wasted 
tune. For example, an enterprise may have a first manufacturing plant to produce 
windings and a second manufacturing plant to produce wire. However, the second 
manufacturing plant with some slight retooling can also produce windings. In the 
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example, it is assumed that the first plant is at full capacity and the second is not. Also 
new orders require the manufacture of volumes of windings. However, the winding plant 
is at fidl capacity. Using additional control resources, control computing application 330 
operating to control the machines of the second manufacturing plant communicates 
instructions to such machines to start producing windings instead of wire. Hence, across 
an enterprise, capacity that would have been previously not utilized is now utilized to the 
benefit of producing products to meet new orders that increases customer satisfaction. 
Moreover, revenues for such enterprise are maximized as the plants are operating at full 
capacities. It is appreciated by having non-local data act as input to local manufacturing 
resources, manufacturing is optimized, project plaiming is realized, and machine control 
is rendered more relevant. 

[0028] Figure 4 shows the processing performed to realize intelligent control of 
machines in a discrete manufacturing environments. As is shown, processing begins at 
block 410 where rules of the discrete manufacturing environment are determined. From 
there processing proceeds to block 420 where the ruleis are communicated to one or more 
intelligent devices residing on one or more machines of an illustrative and exemplary 
discrete manufacturing environment. The intelligent devices respond by providing 
access and control over the machine(s) with which it cooperates at block 430. The 
predetermined rules of block 410 are then executed at block 440. 

[0029] A check is then performed at block 450 to determine if additional rules 
or instructions are required. In the instance that such rules are required or are being 
provided. If such rules are required, processing proceeds to block 460 where additional 
control instructions are obtained. Such instructions may be obtained from a variety of 
resources that be internal or external to a manufacturing enAdronmrnt. Such resources 
include but are not limited to other computing applications directed to other areas of 
manufacturing (i.e. planning systems), manual data entry, and optimization routines 
designed to optimize manufacturing operations. From there processing proceeds to block 
470 where the additional iostructions are provided to cooperating machines of the 
illustrative manufacturing environment. Processing then proceeds to block 480 where the 
additional instructions are then executed by the machines. As is shown, processing then 
reverts to block 45 and proceeds there iBrom. However, if at block 450 it is determined 
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that additional instructioiis are not required, processing proceeds to block 480 and 
proceeds there from. 

[0030] It is appreciated that blocks 450, 460, 470, 480 and their associated 
connectors are presented in dashed lines. This is to illustrate the notion that the present 
invention may operate inclusive and/or exclusive of such steps when realizing intelligent 
control over machines in a discrete manufacturing environment. In the instance that such 
steps are excluded, the present invention engages in local control (i.e. control within a 
particular manufacturing faciUty) receiving no extemal inputs to provide mles and 
instructions for control, rather using data local to the machines of a particular 
manufacturing facility control decision making processes. Alternatively, the present 
invention contemplates processing involving the use of external influences (i.e. central 
data) when performing control decision making processes. Such processing would 
include blocks 450, 450, 470, 480 and their associated connectors. 

[0031] In suxtiy the herein described systems and methods provide intelligent 
control over machines in a discrete manufacturing environment. It is imderstood, 
however, that the invention is susceptible to various modifications and alternative 
constmctions. There is no intention to limit the invention to the specific constructions 
described herein. On the contrary, the invention is intended to cover all modifications, 
alternative constructions, and equivalents falling witiiin the scope and spirit of the 
invention. 

[0032] It should also be noted that the present invention may be implemented in 
a variety of computer environments (including both non-wirless and wireless computer 
environments), partial computiag environments, and real world environments. The 
various techniques described herein may be implemented in hardware or software, or a 
combination of both. Preferably, the techniques are implemented in computer programs 
executing on programmable computers that each include a processor, a storage medium 
readable by the processor (including volatile and non-volatile memory and/or storage 
elements), at least one input device, and at least one output device. Program code is 
applied to data entered using the input device to perform the functions described above 
and to gen^ate output information. The output information is supplied to one or more 
output devices. Each program is preferably implemented in a high level procedural or 
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object oriented progranmimg language to conunimicate with a computer system. 
However, the programs can be implemented in assembly or machine language, if desired. 
In any case, the language may be a compiled or interpreted language. Each such computer 
program is preferably stored on a storage medium or device (e.g., ROM or magnetic disk) 
that is readable by a general or specif purpose progranmiable computer for configuring 
and operating the computer when the storage medium or device is read by the computer 
to perform the procedures described above. The system may also be considered to be 
implemented as a computer-readable storage medium, configured with a computer 
program, where the storage medium so configured causes a computer to operate in a 
specific and predefined manner. 

[0033] Although an exemplary implementation of the invention has been 
described in detail above, those skilled in the art will readily q)preciate that many 
additional modifications are possible in tiie exemplary embodiments without materially 
departing fi^om the novel teachings and advantages of the invention. Accordingly, these 
and all such modifications are intended to be included within the scope of this invention. 
The invention may be better defined by the following exemplary claims. 
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